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在论文工作中，合成了一系列不同掺镍量的 LiNiyCo1-yO2 化合物，并利用 TG-DTA, 



















当镍掺杂量大于 75%时，Jahn-Teller 畸变达到 大。Jahn-Teller 畸变强度的增加将导
致非计量比化合物增加，进一步降低材料的结构稳定性和循环性能。 
关键词：正极材料；电导率；Jahn-Teller畸变 
                                                        

















Metal doping has been considered as one of the most efficient ways to improve 
performance of lithium-ion batteries restricted mainly by cathode materials and has been 
extensively studied in the past. However, little information is available in fundamental 
understanding of doping nature because of the constraints in experimental approaches 
adopted in most previous researches. In this work, an effort was directly made to 
investigate the doping mechanisms of lithium-nickel-cobalt oxides (LiNiyCo1-yO2, 0≤y≤1) 
based on the electronic structures of LiCoO2 and LiNiO2. 
A series of LiNiyCo1-yO2 compounds were prepared by sol-gel pretreatment and 
solid-phase formation. The variations of thermal property, crystal structure, 
stoichiomentry, electric conductivity and electrochemical performance with nine levels of 
nickel doping contents were obtained by TG-DTA, in-situ and ex-situ XRD, in-situ and 
ex-situ Raman, FTIR, SEM/EDAX, four-probe and electrochemical measurements. In 
order to interpret the experimental data and to elucidate the doping mechanisms, the 
first-principle calculations were carried out based on the complete new supercell model 
developed by ensuring the unchanged structural symmetry and the most stable structure 
after doping. Accordingly, the supercell theory of lithium-nickel-cobalt oxides was 
proposed, which states that the crystal structures after metal doping must satisfy both the 
structure symmetrical characteristics and the macroscopic force equilibrium state through 
which the net stress among the interlayer structure is zero but the net stress within the 
inner layer structure is non-zero, and the crystal structure, band structure, density of states 
(DOS) and partial density of states (PDOS) before and after nickel doping were 
systematically calculated by employing the VASP software package. The improved 
formulas applicable to evaluate the electric conductivity of cathode materials as lithium 
ion batteries were established. The charge compensation mechanisms of LiNiyCo1-yO2 
were provided based on the computational results. The quantitative relation between the 
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doping content and Jahn-Teller distortion were also described according to the PDOS 
analysis results. 
The experimental results revealed that nickel doping enhanced the crystallinity, 
electric conductivity and first cycle charge capacity. When the nickel content attained 
75%, the conductivity improved nearly an order of magnitude and the first cycle charge 
capacity increased 65%. However, with the increase of nickel content, the volume 
expansion of crystal structure occurred, and the temperature of phase transformation rose 
and more impure phases were formed during the courses of synthesis. In addition, the 
stoichiomentry, loss of charge-discharge capacity and cycling performance decreased. 
The first-principle calculation results indicated: 1) with nickel doping the energy gap 
between valence bands and conduction bands became narrower, and the extra holes were 
introduced into valence bands, both altered the valences of cobalt and nickel, resulting in 
the mixing valence state which tends to satisfy the Zener′s double exchange mechanism. 
All of these led to the increase of the electric conductivity. When the nickel content 
reached 75%, the extra holes induced in valence bands jumped four times and this 
dramatically reduced the energy gap between valence bands and conduction bands, hence, 
significantly improved the electric conductivity; 2) the strength of the Jahn-Teller 
distortion increased linearly with the increase of nickel content; when the nickel content 
was more than 75%, the strength of the Jahn-Teller distortion reached the maximum. 
Ultimately, this would result in a large amount of the nonstoichiometric compounds, 
therefore, the stability of material structure and the cycling performance became worse. 
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